INTRODUCTION

One of the biggest problems to tuberculosis (TB) control is multidrug-resistant tuberculosis (MDR-TB).
While drug-susceptible TB is effectively treated in most patients, MDR-TB treatment has a success rate of less than 50%, with high mortality and costs 1, 2 . Globally, in the period from 1994 to 2010, MDR-TB was observed in 3.4% of all new TB cases and 19.8% of previously treated cases. The highest global rates of MDR-TB ever reported were documented in 2009 and 2010, justifying continued surveillance of tubercular patients in different countries 3 . The data about MDR-TB in previously treated individuals (acquired MDR-TB) reflect poor adherence to therapy, whereas primary cases of MDR-TB reflect infection transmission in the community.
In another report, published in 2000 by the World Health Organization (WHO), the worldwide prevalence of MDR-TB was given as 7.6%, with an acquired resistance rate of 0.06%. In 2010, the worldwide prevalence had fallen to 5.4%, but acquired resistance had risen to 0.36%. The global rates of acquired resistance in 2000 and 2010 were both lower than the rates obtained in two earlier investigations conducted in Brazil 4, 5 . The first of these Brazilian studies, which was conducted in 1996-1997, found that 8.5% of new A TB case was defined as one for M. tuberculosis complex culture-confirmed. A case of tuberculosis was defined as drug resistant (DR-TB) for any type of resistance detected. MDR-TB was defined as resistant to at least H and R. Poly-resistance was defined as resistant for two or more drugs in addition to H and R. Primary DR-TB was defined as the presence of resistant strains of M. tuberculosis in a newly diagnosed patient who had either never received TB drugs or had received them for less than one month. Acquired DR-TB was defined as the presence of strains in patients who had previously received at least one month of TB therapy. Combined resistance was used to refer to all cases in which resistance was found, no matter the treatment history of the disease. Prevalence was calculated by dividing the number of positive cases with the total number of cases tested 10 .
Data regarding each individual's sex, age, district, and status before getting into the program (new case, relapse, failure or abandonment) and were collected by searching patient files from three sources: the Bacteriology and Mycology Section/IEC of the Hospital Universitário João de Barros Barreto, the School Health Centre of Marco and LACEN/PA.
The proportion method recommended by the Brazilian Ministry of Health was used to evaluate data 9 . Susceptibility tests were conducted on Lowenstein-Jensen medium. Antibiotics were applied in the recommended critical concentrations of 0.2 μg/mL for H, 40.0 μg/mL for R, 2.0 μg/mL for E, 25.0 μg/mL for Z, 4.0 μg/mL for S and 20.0 μg/mL for Et.
The spatial distribution of patients in the study was analysed using the Kernel smoothing technique, a nonparametric method used to estimate the number of events per unit area in each cell of a regular grid covering the overall area. The clusters were defined as a geographically bound, non-random group 11, 12 . A bandwidth of 1 km was used for estimating the Kernel density of MDR-TB patients. The results were depicted graphically using thematic maps.
The ethical clearance for this study was granted by the IEC (CAAE: 0002.0.072.000-11) on May 25, 2011.
RESULTS
Samples taken from 848 tubercular patients were tested for drug susceptibility, 358 (42.2%) showed some form of resistance. The annual number of cases for different types of DR-TB is shown in table 1. The number of TB cases received to AST and the resistance type (Table 2) . In some cases, with the isolation of M. tuberculosis resistant to drugs, there was no information about any kind of previous treatment for TB (unknown resistance or unknown MDR). The frequency for primary, acquired and combined DR-TB were 30.4%, 69.3% and 42.2% respectively. MDR-TB was observed in 223 (26.3%) patients. During the study period, there were 17,983 officially reported TB cases in Pará State. In this context, the MDR-TB prevalence was 1.2%. The rates for primary, acquired and combined MDR-TB were 13.7%, 47.7% and 62.3% respectively. TB cases were resistant to any drug, and that 21% of previously treated patients were also resistant. However, epidemiological information at the local level remains poor. The purpose of this study was to provide a fuller epidemiological profile regarding TB resistance of the State. In pursuit of that goal, this study used routine laboratory results from the IEC and the Central Laboratory of the State of Pará (LACEN/PA), in order to determine the frequency of antimicrobial resistance, its epidemiological traits and spatial distribution.
MATERIALS AND METHODS
This study was conducted in Pará State, Brazil, which has a population of 7,443,904 million individuals and presented a TB case rate of 47.5 per 100,000 individuals in 2010
8 . An ecological study was conducted using data from 848 susceptibility tests, which were performed on 848 tuberculosis patients who met the indicated criteria for such tests: i) receiving retreatment after failure of the bacteriological standard treatment; ii) experiencing recidivism of the disease; iii) beginning treatment after abandoning it; iv) being suspected of primary resistance; v) having contact with a resistant TB case; vi) being a health professional exposed to TB; vii) being HIV positive; viii) living on the street; ix) being medically confined; x) being in long-term care facilities; xi) being a member of indigenous population; and xii) being attended in hospitals where do not adopt biosecurity measures 9 . Cases treated between 2005 and 2010 were included in this study. All of susceptibility tests for Mycobacterium tuberculosis in Pará were performed by the Public Health Laboratory Network of Pará (constituted by IEC and LACEN/PA) and included tests for resistance to rifampicin (R), isoniazid (H), streptomycin (S), pyrazinamide (Z), ethambutol (E) and ethionamide (Et).
Of the patients studied, 62.5% were men, and the average age of the population was 38.7 ± 15 years old. The age group most frequently found in the study was from 25 to 34 years old, which together represented 224 (26%) of all cases in the study. Overall, 79% of patients with TB and 80% of patients with MDR-TB were between the ages of 15 and 54 years old.
Seven cities (Abaetetuba, Ananindeua, Belém, Bragança, Castanhal, Marituba and Santarém) were responsible for 59.6% (133/223) of all MDR-TB cases. Of these cases, 43.0% occurred in Belém (96 MDR-TB cases/438 TB cases), followed by 8.1% in Ananindeua (18/70), 2.7% in Marituba (6/18), 3.1% in Castanhal (7/14), 2.2% in Barcarena (5/11), 2.2% in Santarém (5/11), 2.7% in Cametá (6/10) and 0.5% in Abaetetuba (1/8). The districts in Belém with the highest numbers of cases were Guamá (14 MDR-TB cases/45 TB cases), Jurunas (9/41), Sacramenta (10/33), Marco (5/32), Pedreira (3/27), Icoaraci (3/26), Terra Firme (6/24) and Marambaia (4/22). Spacialization was performed on 483 georeferenced cases of TB. Out of these cases, 59.6% were found to be drug-susceptible, 25.1% were found to be MDR-TB and 15.3% were found to be resistant TB without also being MDR-TB 3 . All other cases lacked either the geographical coordinates or the complete addresses needed for accurate georeferencing. Figure  1A evidences the spatial distribution of tuberculosis cases in Pará State and in figure 1B, Belém stands out as the Municipality where the largest number of cases occurred.
The result of applying Kernel smoothing technique to the points where type 2 TB (MDR) was found can be seen in figure 1B. Among many results observed in this figure, what stands out with the greatest intensity is a hotspot situated in the neighborhood of Guamá ( Figure 1C ). Figure 1D shows the SPOT satellite image of Guamá, where an inordinate distribution of cases can be noticed. 
DISCUSSION
Over the past decade, Brazil has experienced between 70,000 to 80,000 new TB cases a year. However, data from the Ministry of Health show that for the first time, the number of new TB cases fell below 70,000. And in 2011, there were only 36 cases of the disease for every 100,000 inhabitants, as opposed to the 42.8 cases recorded for every 100,000 inhabitants in 2001 13 .
By 2010, there were 607 diagnosed cases of MDR-TB reported in Brazil, as opposed to 334 cases in 2001. It represents an increase of 82% during the years analyzed. From 2009 to 2010, the growth was very significant, as 47% more cases were diagnosed 14 .
Problems arise when patients are improperly treated or fail to take their prescribed medications appropriately. Cases in which patients are retreated (following relapse or readmission after abandonment) are the ones most likely to lead to an unfavorable outcome, especially among individuals who have already received more than 30 days of treatment.
In Ceará State, the combined MDR-TB rate for the population studied was 17.7% (266/1500) 15 . The prevalence rates of primary and acquired resistance in the Federal District of Brasília were 9.2% and 15.8% respectively. For MDR-TB, they were 1.0% and 0%, respectively, during the period from 1995 to 1997 16 . To ensure that resistance is diagnosed as early as possible, the WHO and the Brazilian Ministry of Health recommend that healthcare providers conduct culture and sensitivity testing on all patients who undergo retreatment. In keeping with this recommendation, completion of culture examinations grew 156% in retreatment cases from 2001 to 2010, and was 24% higher than it had been in the last recorded year.
Data presented in this study were obtained mainly from cases of recurrence, abandonment and death, and samples were sent for culture and susceptibility testing to reference laboratories in Pará State (IEC and LACEN/PA). This may account for the high prevalence of resistant TB in this population. Previous studies have revealed great variation in the levels of resistance detected. Such disparities may be product of different study methodologies used by different laboratories 5, 7, 15, 16, 17, 18 .
The first vigilance inquiry into resistance, performed by WHO and the International Union Against Tuberculosis and Lung Disease, found the following distribution of tuberculosis cases: rates of primary, acquired and combined MDR-TB were 4.6%, 22.2% and 8.0%, respectively, in Argentina; in Peru, they were 2.5%, 15.7% and 4.5% respectively. The second inquiry found that rates of primary, acquired and combined MDR-TB remained high, with respective levels of 3.0%, 12.3% and 4.3% for Peru and 2.5%, 16.7% and 3.5% for Puerto Rico.
Knowledge of initial drug resistance is impaired by the absence of susceptibility testing in diagnosed cases. Failure to perform or obtain the results of such tests increases the odds of inappropriate treatment, as well as giving multidrug-resistant bacilli more time to disseminate themselves in the community 9, 19 . The development of MDR-TB worsens disease prognosis and increases the government's cost of treatment more than 30-fold. This represents an increase in the average cost of treatment from US$120 (for primary drug-sensitive TB) to US$3,200 (for MDR-TB). Furthermore, MDR-TB can be transmitted during the bacillary phase if appropriate therapy is not administered.
In our report, the studied population was predominantly male, as it has been in studies conducted previously by others 7, 15, 17 . Regarding the age distribution of cases, 79.4% (673/848) and 80.1% (180/223) of individuals with TB and MDR-TB, respectively, belonged to the 15 to 54 year old age group, which is considered an economically active group. Although TB infection rates remain high among the elderly, the current study observed that the number of cases in individuals as old as 24 years overlapped with the number of cases among elderly individuals. The thematic map produced with TB and MDR-TB data showed the distribution of cases, according to an endemic area. Many MDR-TB cases are associated with poverty areas with high population density and poor sanitation. In 1996, the situation of the high number of TB cases in the district of Guamá was known by the managers of TB control programs in Belém, because Guamá was one of the neighborhoods chosen for collection of material for the First National Survey of Resistance. The diagnosis and treatment of new TB cases without intervention habits, and misery situation, seem to have little impact on reducing the number of new cases. Costa Neto 21 reported that any intervention for TB control conducted in Vila do Rosário, Duque de Caxias, Rio de Janeiro State, for many years, had little effect on the frequency of cases, as if an external reservoir to the region was responsible by the ongoing contamination of people. With poor nutrition and deficient immune system, the presence of the agent is inevitable.
Regarding the cases of MDR-TB observed in the age group with the highest incidence (25-34 years old), it was observed that there was a slight increase in the number of cases for 2007. The subsequent decrease in the number documented of MDR-TB cases may be related to a three-month interruption of sensitivity testing at the IEC and the replacement of medical staff at the State Health Reference Unit.
The control of MDR-TB depends on, among other factors, the early diagnosis of resistance, appropriate therapy, improving the patient's awareness of treatment, and interrupting transmission. The knowledge of the local epidemiological situation is the first step in raising awareness in areas with the largest agglomeration of cases.
Studies conducted in other countries have demonstrated that, with the help of educational interventions, patients have come to better understand information about TB, as well as showing notable improvement with respect to treatment adherence. Dick and Lombard 22 evaluated the relationship between health-education approaches and adherence to TB treatment in two health clinics, with one receiving the intervention and one serving as a control. In the clinic that received the intervention (which took the form of an educational pamphlet), researchers found fewer indicators that treatment had been abandoned than were found in the control group.
Improving health literacy is an ongoing project. The more this process is strengthened, the better patients' health reflexes will be. An informative booklet about the conduct of patients and contact people was developed and evaluated by the authors 23 . The booklet provides information on TB and its prevention, concept, main symptoms, recommendations for the most effective use of medicines and suggestions of habits that can speed up the treatment and prevent transmission. The distribution of booklets will have the partnership of the Secretariat of Health Pará State (SESPA) and its impact on treatment and outcome of cases, as well as searching the Health Unit by contact people will be evaluated.
CONCLUSION
According to previous studies, the total number of TB cases in Pará State did not vary significantly during the study period. There was, however, a slight increase in the number of drug-resistant cases in proportion to the total number of cases reported to the State. The rates for primary, acquired and combined MDR-TB in this study were high when compared to the rates documented in previous inquiries. These resistance rates reflect the need to improve the quality of health services for patients with tuberculosis. Seven Municipalities accounted for 59.6% of the total cases in the present study. A concentration of cases in neighborhoods in the City of Belém was also observed.
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The authors thank to the Director of LACEN/PA, Drs. Sebastião Licínio Lira dos Santos and Zelinda Habbid, for giving data related to the sensitivity test conducted at LACEN from 2008 to 2010 and Andréa Pantoja Melo for technical assistance. Frecuencia y distribución anual de resistencia de la tuberculosis en la red de laboratorios de salud pública del Estado de Pará, Brasil RESUMEN Este estudio describe la frecuencia y variedad de casos de tuberculosis multirresistente (TBMR) en el Estado de Pará, Brasil. Con la finalidad de registrar la epidemiología y distribución espacial de la enfermedad, se utilizaron pruebas de susceptibilidad antimicrobiana (PSA) y el método proporcional (MP). El PSA fue realizado en 848 muestras del Instituto Evandro Chagas y en un laboratorio central de salud pública del Estado. De todos los pacientes incluidos en este estudio, 358 (42,2%) eran resistentes a, por lo menos, un medicamento antituberculosis (anti-TB). El porcentaje de resistencia primaria, adquirida y TBMR fue de 30,4%, 69,3% y 42,2%, respectivamente. Se detectó TBMR en 223 (26,3%) muestras. Se encontró TBMR primaria en 14% de los pacientes con tratamiento previo, mientras que un 48% presentó resistencia adquirida y 62% combinada. De todos los grupos etarios, el de 25-36 años (promedio de edad 38,7 ± 15) presentó la mayor proporción de casos resistentes (26%). Siete ciudades del Estado concentraron el 59,6% del total de casos documentados en el estudio. Estos resultados reflejan la baja calidad de cuidados en salud con los enfermos en estas ciudades. También observamos, la necesidad de mayores cuidados por parte de los médicos durante el tratamiento realizado, con mayor frecuencia, de exámenes de sensibilidad a medicamentos anti-TB. El número de casos de TB en Pará no varió significativamente durante el periodo estudiado, sin embargo, los investigadores notaron un ligero aumento en la proporción de casos resistentes a medicamentos relacionados al número total de casos notificados en el Estado. Este cambio en las tasas de resistencia refleja la necesidad de mejorar la calidad de los servicios de salud para la atención de TB. La concentración de casos de tuberculosis se observó en algunos municipios y barrios de la Ciudad de Belém. 
